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(54) Assay reagents and devices 

(57) A reagent useful in immunoassays, comprising 
a direct particulate level co-sensitised with a specific 
binding agent having specificity for an analyte or analyte 
analogue and with a non-specific protein which can par- 
ticipate in a control reaction with another specific bind- 
ing agent which does not bind to the first specific 
binding agent nor participate in the formation of a com- 
plex by means of which detection of the analyte or ana- 
lyte analogue is accomplished. Preferably the first 
specific binding agent is an antibody raised in a first 
species and the non-specific protein is an immunoglob- 
ulin from another species. Optionally the reagent addi- 
tionally comprises a second population of the direct 
particulate label sensitised solely with the non-specific 
protein. 
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Description 

FIELD OF THE INVENTION 

This invention relates to reagents useful in immu- s 
noassays and to assay devices using such reagents. 

BACKGROUND TO THE INVENTION 

Many assays are now available which utilise the io 
technology described in EP-A-291194, wherein a par- 
ticulate direct label such as a gold sol or coloured latex 
particle is used to reveal the result of an assay con- 
ducted in a porous carrier such as a porous strip. Con- 
centration of the particulate label in a comparatively is 
small detection zone in the strip reveals the assay 
result. It is common practice for the strip to include a 
control zone, normally located downstream from the 
detection zone, in which a coloured signal is also gener- 
ated to reasure the user that the test has been correctly bo 
performed. In most commercial products based on this 
concept, the test and control signals are generated 
using the same particulate label. 

This technology copes very well with most assay 
situations, but there can be extreme situations in which 25 
the clarity of the signals could be improved. For exam- 
ple, the control zone signal may appear rather feint if the 
concentration of analyte is very high and is causing 
most of the particle label to become bound in the detec- 
tion zone, leaving insufficient label to carry through and 30 
provide a strong control signal 

An objective of the present invention is to provide 
reagents and assay devices in which improved clarity of 
assay signals are obtained irrespective of the amount of 
analyte that may be present in a sample being tested. 3S 

A further objective is to provide good clear assay 
signals without the use of excessive amounts of labelled 
reagent. 

GENERAL DESCRIPTION OF THE INVENTION 40 

By the invention we provide a reagent useful in 
immunoassays, comprising a direct particulate label co- 
sensitised with a specific binding agent having specifi- 
city for an analyte or analyte analogue and with a non- as 
specific protein which can participate in a control reac- 
tion with another specific binding agent which does not 
bind to the first specific binding agent nor participate in 
the formation of a complex by means of which detection 
of the analyte or analyte analogue is accomplished. so 

Preferably the quantity of specific binding agent on 
the co-sensitised particle exceeds the quantity of non- 
specific protein thereon. Preferably there is at least a 
2:1 ratio by weight between these two materials on the 
particle. More preferably at least about 5:1, ideally ss 
about 10:1. The primary specific activity in terms of 
analyte-binding and control signal formation, is there- 
fore heavily biassed in favour of analyte-binding. 



Optionally, the reagent additionally comprises a 
second population of the direct particulate label sensi- 
tised solely with the non-specific protein. 

Preferably the first specific binding agent is an anti- 
body raised in a first species and the non-specific pro- 
tein is an immunoglobulin from another species. For 
example, the first specific binding agent can be a 
murine antibody. 

The non-specific protein can be a rabbit immu- 
noglobulin, for example, but any immunoglobulin from 
any species can be used provided that it does not bind 
either to the analyte or to any reagent that participates 
in detection of the analyte. 

A preferred reagent according to the invention com- 
prises coloured latex particles of diameter less than 0.5 
micron, co-sensitised with an anti-hCG murine mono- 
clonal antibody and with rabbit IgG. Preferably this rea- 
gent additionally comprises same-coloured latex 
particles of diameter less than 0.5 micron sensitised 
solely with rabbit IgG, the weight ratio of the co-sensi- 
tised particles to the second particles being at least 2:1 , 
more preferably about 3:1 . 

Another embodiment of the invention is an assay 
device of the type wherein a sample liquid reconstitutes 
a labelled reagent and carries it into a detection zone 
and a control zone, binding of the labelled reagent in 
these zones revealing the assay result, characterised in 
that the labelled reagent is as described in any one of 
the foregoing paragraphs. 

Preferably the detection zone contains an immobi- 
lised specific binding agent which acts as a direct or 
indirect capture means for the analyte or analyte ana- 
logue but which does not bind to the non-specific pro- 
tein, and the control zone contains a specific binding 
agent which binds the non-specilic protein but does not 
bind the specific binding agent co-sensitised on the first 
particle. 

The particles can be any micro-particles that can be 
used as mobile labels in strip-format assays. Such 
assays are described in many publications, including 
EP-A-291194, EP-A-383619, WO 96/09553 and WO 
96/09546. Appropriate particles include latex (polysty- 
rene) particles, usually of diameter less than about 0.5 
micron, metal sols, such as gold sols, non-metallic ele- 
mental sols, such as selenium or carbon, and dye sols. 

The invention will be described with particular refer- 
ence to test kits useful in monitoring of body fluid ana- 
lytes, and especially to home monitoring of urinary 
analytes of relevance to the determination of pregnancy 
(hCG) or of the fertility status of the human ovulation 
cycle (by measuring LH and/or E3G and/or P3G, for 
example). This is by way of example only, and it will be 
appreciated that the invention is useful in many other 
contexts where other sample liquids and analytes are 
involved, such as assays for cancer markers, cardiac 
markers, blood glucose, drugs of abuse, hormones, 
infectious disease markers, tests in therapeutic drug 
monitoring, manufacturing and raw material quality con- 
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trol, and tests for effluent and pollution levels. 

Preferably the detection zone contains an immobi- 
lised specific binding agent which acts as a direct or 
indirect capture means for hCG, the control zone con- 
tains an immobilised anti-rabbit IgG antibody, and the s 
mobile labelled reagent comprises coloured latex parti- 
cles of diameter less than 0.5 micron, co-sensitised with 
an anti-hCG murine monoclonal antibody and with rab- 
bit IgG. 

Preparation of the novel reagents of the invention, to 
and the manufacture of assay devices using these novel 
reagents, can both be accomplished using conventional 
procedures. The co-sensitised particulate label can be 
prepared by contacting commercially-available particu- 
late labels, such as latex (polystyrene) particles of is 
appropriate dimension, in aqueous suspension with a 
mixture of the two materials with which the particles 
must be sensitised. For example, these materials can 
be a mixture of a murine monoclonal antibody directed 
against the alpha-chain of hCG, together with a non- 20 
specific polyclonal antibody such as rabbit IgG. These 
materials need to be present in an appropriate weight 
ratio, as described elsewhere herein. The co-sensitisa- 
tion needs to be conducted under buffered conditions, 
as is standard practice. Following a sufficient time inter- 25 
val to allow the materials to deposit onto the particles, 
unbound materials can be separated by conventional 
procedures such as centrifugation, filtration and/or ultra- 
filtration and the co-sensitised particles resuspended in 
a conventional storage buffer solution ready for use in so 
the preparation of an assay. A specific example of a co- 
sensitisation procedure is given below. 

In order to describe the benefits of the invention in 
more detail, we can consider as an example its applica- 
bility in the context of a pregnancy test based on the 35 
immunochromatographic format using coloured latex 
particles as a mobile direct label in an assay strip. The 
assay strip, which is, for example, made from nitrocellu- 
lose of pore size about 8 microns backed with "Mylar" 
polyester, includes two transverse lines of deposited 40 
immobilised specific binding reagents, namely a test 
line containing an anti-p hCG murine monoclonal and a 
control line downstream from the test line containing an 
immobilised murine monoclonal raised against rabbit 
IgG. At a location upstream from the test line is a mobile as 
reagent comprising coloured latex particles of diameter 
approximately 0.3 microns. This location can be on the 
nitrocellulose or in a separate pad or wick of porous 
material which is upstream in the flow path by which 
sample liquid (urine) can reach the nitrocellulose. The so 
mobile reagent comprises two populations of latex par- 
ticles, namely: 

a) particles co-sensitised with an anti-ct hCG 
murine monoclonal and with the same rabbit IgG ss 
against which the control line antibody was raised; 
and 



b) a second population of the same latex particles 
simply bearing the rabbit IgG. 

Application of a urine sample will mobilise the latex 
particles. If the urine contains hCG, a sandwich com- 
plex can form between the anti-hCG monoclonal on the 
co-sensitised particle and the anti-hCG antibody in the 
test line. In consequence, at least some of the co-sensi- 
tised particles will become bound in the test line to pro- 
vide a coloured signal indicative of the presence of 
hCG. Remaining mobilised oo-sensitised particles 
which do not become bound in the test line, eg. because 
they are in excess relative to the amount of hCG present 
in the sample, can become bound downstream in the 
control line by interaction between the control line anti- 
body and the rabbit IgG on the co-sensitised particles. 
In addition, the second population of latex particles 
bearing only the rabbit IgG will be mobilised and carried 
past the test line to reinforce the control signal. 

We have found in practice that if the hCG concen- 
tration in the urine sample is comparatively high 
(although not so high as to induce the well-known "hook 
effect" which causes a drop in the apparent hCG signal) 
most of the anti-hCG particles are bound in the test line. 
Typically this will occur if the hCG concentration lies 
between about 5000 and about 15000 mlU/ml. Under 
these circumstances there would be a strong test line 
signal but a rather feint or completely absent control line 
signal. However, the provision of the second population 
of latex particles, which cannot possibly bind in the test 
line, ensures that a strong control line signal is still 
obtained even under these circumstances. An appropri- 
ate blend of the co-sensitised particles and the mono- 
sensitised particles is about 3:1. In a sandwich-format 
assay this combination of particles provides a good 
clear test signal and control signal under most assay 
conditions, with the exception of extremely high analyte 
concentrations, while requiring the minimum total 
number of particles. Substantially more particles would 
be required if the test signal and control signal were 
generated by completely separate populations. 

EXAMPLE 

This example describes a sensitisation procedure 
which can be used to prepare reagents in accordance 
with the invention. 

A latex particle reagent oo-sensitised with a murine 
arrti-a hCG monoclonal antibody and with rabbit immu- 
noglobulin can be prepared as follows, 

10ml of a commercially available suspension (10% 
solids) of blue coloured latex particles of diameter about 
0.3 microns is added to 40ml of lOOmM borate buffer pH 
8.5 and stirred vigorously. This mixture is centrifuged for 
10 minutes at 13500 rpm and the supernatant liquid 
removed. The latex pellet is re-suspended in 20ml of the 
same buffer. 

To a separate 20ml of the same buffer are added 
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400fig/ml of a murine anti-p hCG monoclonal antibody 
and 50|ag/ml rabbit IgG. The latex-containing buffer and 
the antibody-containing buffer are both heated in a 
water bath to 40°C and, on reaching this temperature, 
5ml of ethanol is added to each. The antibody solution 
is then immediately added to the latex suspension, 
mixed using a magnetic stirrer, and incubated in the 
water bath for 60 minutes. At this point 50ml of a solu- 
tion of bovine serum albumin (BSA) in the same buffer 
pre-warmed to 40°C is added and the incubation contin- 
ued at 40°C for a further 30 minutes. Thereafter the 
solution is centrifuged for 25 minutes at 13500 rpm and 
the supernatant removed. The pellet is resuspended in 
50ml of 100mM Tris buffer pH 9.0 to provide a suspen- 
sion containing 2% solids. Optionally preservatives 
such as sucrose at 20% (w/v) and BSA at 1 0% (w/v) can 
be added. This latex suspension is ready for use in the 
preparation of an assay device. 

An identical procedure can be used to prepare latex 
particles sensitised solely with the rabbit immunoglobu- 
lin. In this instance the 20ml suspension of latex parti- 
cles is combined with 20ml buffer containing 150|ig/ml 
rabbit IgG. 

In the subsequent preparation of an assay device 
using a combination of the co-sensitised and mono-sen- 
sitised particles, the two suspensions of sensitised par- 
ticles can be combined in appropriate proportions (to 
provide an appropriate blend, e.g. 3 to 1 of the two pop- 
ulations of particles) and applied as a single combined 
reagent on a test strip or in a separate pad or wick form- 
ing part of an assay device. 

Claims 

1. A reagent useful in immunoassays, comprising a 
direct particulate label co-sensitised with a specific 
binding agent having specificity for an analyte or 
analyte analogue and with a non-specific protein 
which can participate in a control reaction with 
another specific binding agent which does not bind 
to the first specific binding agent nor participate in 
the formation of a complex by means of which 
detection of the analyte or analyte analogue is 
accomplished. 

2. A reagent according to claim 1, wherein the first 
specific binding agent is an antibody raised in a first 
species and the non-specific protein is an immu- 
noglobulin from another species. 

3. A reagent according to claim 2, wherein the first 
specific binding agent is a murine antibody. 

4. A reagent according to claim 2, wherein the non- 
specific protein is a rabbit immunoglobulin. 

5. A reagent according to any one of the preceding 
claims, additionally comprising a second population 



of the direct particulate label sensitised solely with 
the non-specific protein. 

6. A reagent according to claim 2, comprising col- 
s oured latex particles of diameter less than 0.5 

micron, co-sensitised with an anti-hCG murine 
monoclonal antibody and with rabbit IgG. 

7. A reagent according to claim 6, additionally com- 
io prising same-coloured latex particles of diameter 

less than 0.5 micron sensitised solely with rabbit 
IgG, the ratio of the co-sensitised particles to the 
second particles being at least 2:1 , preferably about 
3:1. 

15 

8. An assay device of the type wherein a sampl e I iquid 
reconstitutes a labelled reagent and carries it into a 
detection zone and a control zone, binding of the 
labelled reagent in these zones revealing the assay 

20 result, characterised in that the labelled reagent is 
as claimed in any one of the preceding claims. 

9. An assay device according to claim 9, wherein the 
detection zone contains an immobilised specific 

25 binding agent which acts as a direct or indirect cap- 
ture means for the analyte or analyte analogue but 
which does not bind to the non-specific protein, and 
the control zone contains a specific binding agent 
which binds the non-specific protein but does not 

30 bind the specific binding agent co-sensitised on the 
lirst particle. 

10. An assay device according to claim 9, wherein the 
detection zone contains an immobilised specific 

35 binding agent which acts as a direct or indirect cap- 
ture means for hCG, the control zone contains an 
immobilised anti-rabbit IgG antibody, and the 
labelled reagent is as claimed in claim 6 or claim 7. 

40 



45 



50 



55 



4 



EP 0 833 157 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 7078 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



0 
A 

D 
A 



DE 295 15 207 U (UNI PATH LTD) 23 November 
1995 

* the whole document * 
& WO 96 09553 A 

EP 0 560 411 A (UNILEVER NV) 15 September 
1993 

* abstract * 

& EP 0 291 194 A 

WO 94 06012 A (B0EHRINGER MANNHEIM CORP) 
17 March 1994 

* example 7 * 



1.5 



1,6.8 



1,5,8 



G01N33/546 
//G01N33/543 



TECHNICAL FIELDS 
SEARCHED (Int.CI.6) 



G01N 



The present search report has been drawn up for all claims 



PUtt of search 

BERLIN 



Date of cMnpldtaR of Ite scare* 

19 February 1997 



Ceder, 0 



CATEGORY OF CITED DOCUMENTS 

X ; particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, nr 

after the Tiling date 
D : document cited in the application 
L : document cited for other reasons 



: member of the same patent family, corresponding 
document 



5 



